It has been suggested that the absence of floral rewards in many orchid species causes pollinators to probe fewer flowers on a plant, and thus reduces geitonogamy, i.e. self-pollination between flowers, which may result in inbreeding depression and reduced pollen export. We examined the effects of nectar addition on pollinator visitation and pollen transfer by tracking the fate of colour-labelled pollen in Anacamptis morio, a non-rewarding orchid species pollinated primarily by queen bumble-bees. Addition of nectar to spurs of A. morio significantly increased the number of flowers probed by bumble-bees, the time spent on an inflorescence, pollinarium removal and the proportion of removed pollen involved in self-pollination through geitonogamy, but did not affect pollen carryover (the fraction of a pollinarium carried over from one flower to the next). Only visits that exceeded 18 s resulted in geitonogamy, as this is the time taken for removed pollinaria to bend into a position to strike the stigma. A mutation for nectar production in A. morio would result in an initial 3.8-fold increase in pollinarium removal per visit, but also increase geitonogamous self-pollination from less than 10% of pollen depositions to ca. 40%. Greater efficiency of pollen export will favour deceptive plants when pollinators are relatively common and most pollinaria are removed from flowers or when inbreeding depression is severe. These findings provide empirical support both for Darwin's contention that pollinarium bending is an anti-selfing mechanism in orchids and for the idea that floral deception serves to maximize the efficiency of pollen export.
INTRODUCTION
Approximately one-third of all orchid species do not provide floral rewards, and rely on various forms of deception for pollination (Dafni 1984; Ackerman 1986 ). This presents a major evolutionary conundrum, as floral rewards, such as nectar, have been shown in studies with other plants to increase the amount of pollen deposited and removed per visit, as well as the number of flowers probed per plant (cf. Mitchell & Waser 1992; Mitchell 1993; Burd 1995) . Indeed, broad surveys reveal that rewarding orchids usually have higher levels of pollination and fruiting success than their deceptive counterparts (Gill 1989; Johnson & Bond 1997; Neiland & Wilcock 1998) .
Many authors who have discussed the evolution of deception in orchids have speculated that a high cost of nectar production could have favoured nectarless mutants (Boyden 1982; Ackerman 1986) . The main problems with this idea are that reproduction in many orchids is pollenlimited rather than resource-limited, even over a lifetime (Calvo 1993) , that it fails to explain why more orchids do not produce very small (and presumably inexpensive) quantities of nectar (Ackerman et al. 1994) and that it does not explain why deception should occur mainly in orchids.
Alternative hypotheses for the evolution of deception relate deception to the occurrence of pollinia in the Orchidaceae. Orchid pollen is packaged into pollinia, which attach to pollinators by means of a sticky viscidium, and thus the entire pollen complement of most orchid flowers can be removed in a single pollinator visit. Plants with granular pollen, however, require repeated visits for pollen removal. Harder (2000) argued that deception is viable in orchids because the male function is not compromised as much by low rates of visitation as it is in plants with granular pollen. It was recently proposed that deception might actually increase the likelihood of pollinarium removal from flowers (Smithson & Gigord 2001) . Support for this rather counterintuitive idea came from a reduction in pollinarium removal from flowers of Barlia robertiana following experimental supplementation with nectar (Smithson & Gigord 2001) . Other studies have indicated that pollinarium removal may be increased by the addition of nectar ( Johnson & Nilsson 1999) or show no clear effect (Smithson 2002) .
Understanding the adaptive significance of deception in plants requires a consideration of both female and male functions, including the fate of pollen removed from flowers. Dressler (1981) proposed that deception serves to limit the number of flowers probed on a plant by each pollinator, and thus reduces geitonogamy (transfer of pollen among flowers on the same plant; see also Dafni & Ivri 1979) . Geitonogamous self-pollination compromises female function through inbreeding depression and male function by reducing the amount of pollen available for export to other plants (a process known as pollen discounting; cf. de Jong et al. 1993; Barrett & Harder 1996) . Johnson & Nilsson (1999) argued that limited carryover of orchid pollinia from flower to flower might render orchids particularly prone to the negative consequences of geitonogamy. They showed that the experimental addition of nectar to the flowers of Orchis mascula and Anacamptis morio resulted in significant increases in the number of flowers probed by each pollinator as well as the total time spent on plants. By also obtaining data on pollen carryover for O. mascula, they were able to model the predicted depositions of self-pollen and outcross-pollen on plants when nectar is present or absent in flowers. However, they did not obtain empirical evidence to support their prediction that nectar production would result in higher levels of geitonogamy.
Another mechanism that may reduce geitonogamy in orchids is pollinarium bending (Darwin 1877; Johnson & Edwards 2000) . After withdrawal from a flower, pollinaria of many orchid species undergo a bending movement, resulting in a time delay before the pollinium assumes a position from which it can strike a stigma (Johnson & Edwards 2000) . Darwin (1877) considered pollinarium bending to be a 'beautiful contrivance' that reduces intrafloral selfing and geitonogamy.
Although deceptive pollination systems and pollinarium bending are traits that are present in many orchids, their consequences for geitonogamous self-pollination have not been demonstrated empirically. Smithson (2002) found that the number of flowers receiving self-pollen was several-fold higher in some nectar-supplemented plants of A. morio in southern Europe, but this result was statistically inconclusive owing to a small sample size.
Direct tracking of the fate of pollen in plant populations presents a formidable methodological challenge. Peakall (1989) introduced histochemical staining as a way of tracking the flow of orchid pollen in populations, and estimated levels of geitonogamy from the presence or absence of stained pollen on self-stigmas of several Australian orchid species (Peakall 1989; Peakall & Beattie 1996) . As it is only the pollinium that is stained and not the viscidium (the sticky structure that attaches to pollinators), staining has no effect on the removal of pollinaria from flowers (Peakall 1989 ; this study). However, to the best of the authors' knowledge, there has been no previous investigation of whether staining, by modifying the cohesiveness of pollinia or the adhesion of pollen to stigmas, could influence pollen carryover.
We investigated the effects of nectar addition on pollen fates in the non-rewarding orchid A. morio. Using the staining method of Peakall (1989) to label the pollen of A. morio, we carried out experiments designed to address the following specific questions: (i) would nectar production affect patterns of pollen carryover (the fraction of a pollinarium carried over from flower to flower); (ii) would nectar production affect pollinarium removal from flowers and inflorescences; (iii) would nectar production lead to increased geitonogamous self-pollination; (iv) does pollinarium bending effectively reduce geitonogamy; and (v) how would the overall rate of self-pollination and the amount of pollen exported be affected by a mutation for nectar production? We also carried out preliminary Proc. R. Soc. Lond. B (2004) experiments to test whether the transfer properties of stained pollen differ from those of unstained pollen.
MATERIAL AND METHODS

(a) The study system
Anacamptis morio (L.) Bateman, Pridgeon & M. W. Chase (syn. Orchis morio L.) is a spring-flowering bee-pollinated orchid with a wide distribution in Europe. It typically produces a single inflorescence with approximately eight flowers, each with two pollinaria. Each pollinarium comprises a sticky viscidium, a slender connective caudicle and a sectile pollinium consisting of ca. 123.1 ± 14.8 pollen massulae (n = 12). Pollen massulae break away from the pollinium individually or in clumps when adhering to the mucilage on the stigma. Thus several flowers can potentially be pollinated by a single sectile pollinium.
Anacamptis morio is self-compatible, but depends on pollinators for fruit set (Nilsson 1984) . In Sweden, the species is pollinated primarily by queen bumble-bees (Nilsson 1984) . The purple-pink flowers have spurs that do not contain nectar and instead rely on a conspicuous display and sweet scent to elicit exploratory visits from food-seeking bees. This system, termed 'generalized food deception', is found in most European Orchis and Anacamptis species (Nilsson 1992) . Visits are typically brief and made to only one or two flowers on an inflorescence (Nilsson 1984; Johnson & Nilsson 1999; Smithson 2002) . Although the flowers do not mimic those of any other rewarding species in the community, the plants experience greater reproductive success when growing in areas rich in 'magnet' plants that provide nectar for bumble-bees ( Johnson et al. 2003) .
The study was conducted during May-June 2002 on the Baltic island of Ö land off the southeast coast of Sweden. Field experiments took place in the immediate vicinity of the Ecological Field Station of Uppsala University at Skogsby in a large A. morio population consisting of several thousand individuals. Queens of the bumble-bee Bombus lapidarius are the most important pollinators of A. morio at this site (Nilsson 1984) .
(b) Pollinator behaviour and pollen fate
To establish whether nectar production would increase the number of flowers probed, the time spent by pollinators on inflorescences, pollinarium removal and the rate of geitonogamous self-pollination, we compared the behaviour of pollinators and the pollen transfer dynamics on unmanipulated and nectarenriched inflorescences. Each flower on nectar-enriched inflorescences had 2 µl of 25% sucrose solution injected into the tip of the spur by means of a 10 µl microsyringe. In addition, 1-2 µl of histochemical stain was injected into each of the anther sacs to colour-label the pollen. Stains used and their concentrations were fast green (1%) and gentian violet (premixed medicinal preparation-Alpha) added to unmanipulated inflorescences, and neutral red (1%) or rhodamine B (0.2%) added to nectar-enriched inflorescences.
Unmanipulated and nectar-enriched inflorescences were presented individually to foraging B. lapidarius queens at the end of a 2 m long cane, the so-called bee-interview technique (cf. Thomson 1988; Johnson & Nilsson 1999) . The end of the cane was placed in the grass ca. 20 cm from a bee feeding on nectar plants, and, in ca. 10-30% of cases, bees chose to alight on the orchid inflorescence. This method allowed us to record the behaviour of pollinators, which are otherwise extremely difficult to observe on orchids (cf. Nilsson 1984) . Flower number per inflorescence did not differ significantly between the two treatments (8.6 ± 1.9, n = 43, for unmanipulated versus 7.9 ± 2.0, n = 49, for nectar-enriched; t = 1.2, p = 0.24). We recorded the number of flowers probed, the time taken per probe and the position of the probed flowers on the inflorescences using a microcasette recorder. Presentations were made to bees foraging on the flowers of Allium schoenoprasum, an important nectar plant that grows in association with A. morio in the meadows around the field station. While it is almost impossible to determine whether bees are carrying unstained pollinaria as they approach an inflorescence, we were able to avoid bees that carried the conspicuous stained pollinaria from previous visits to the experimental inflorescences. This prevented us from confusing self-pollen and outcross-pollen stained the same colour, and also prevented resampling of the same insects. At the end of each foraging bout the inflorescence was stored for later examination of the stigmas under a dissecting microscope.
In an independent experiment, we translocated an additional 22 pairs of unmanipulated and nectar-enriched inflorescences into the field for a 48 h period. Flower number per inflorescence did not differ significantly between the two treatments (7.3 for unmanipulated versus 7.0 for nectar-enriched; paired t = 0.4, p = 0.72). These inflorescences were placed with the cut base of the stem in a small vial filled with moist florist's foam to prevent wilting. To minimize the possibility that pollen imported from a plant labelled with the same stain as the recipient would be mistaken for self-pollen, inflorescences stained with the same colour were separated by at least 20 m in a dense natural population of A. morio. At the end of the 48 h period, flowers were examined under a dissecting microscope. In contrast to the presentation experiment described above, we did not monitor pollinator visitation behaviour in the translocation experiment. Individual inflorescences may have been visited more than once during the experiment.
For each inflorescence in the presentation and translocation experiments, we determined the number of self-pollen massulae (labelled with the same stain as the recipient plant) and the number of outcross massulae (unstained, or labelled with a different stain) on the stigmas. We also recorded how many of the pollinaria had been removed from the flowers. We compared unmanipulated controls with nectar-enriched plants in terms of the absolute numbers of pollinaria removed and pollen massulae deposited, as well as the fraction of the removed pollen that was deposited on self-stigmas. For the presentation experiments, we also compared the numbers of pollinaria removed per flower visit on unmanipulated and nectar-enriched inflorescences.
To estimate the rate of self-pollination in the population, we combined data on the fraction of removed pollen that was deposited on self-stigmas with an estimate of the overall proportion of removed pollen that is deposited on stigmas, 'the pollen transfer efficiency'. We quantified pollen transfer efficiency as
where M s is the mean number of pollen massulae deposited per stigma, P r is the mean number of pollinaria removed per flower and M n is the number of massulae per pollinium. We estimated M s and P r by scoring the number of massulae deposited and the number of pollinaria removed, respectively, in a sample of 113 flowers, each picked haphazardly from a different plant in the population. This enabled us to calculate the fraction of removed pollen involved in geitonogamous self-pollination, F s , as
Proc. R. Soc. Lond. B (2004) where F g is the fraction of removed stained massulae deposited on self-stigmas. This is based on the assumption that geitonogamy involves complete discounting of the pollen export, i.e. that overall PTE is not affected by changes in geitonogamy (cf. Lloyd 1992) . Finally, the actual number of pollen massulae exported from a plant to other plants in the population, M e , can be calculated as
where P p is the number of pollinaria removed from a plant.
(c) Pollinarium bending and self-pollination
Pollinarium bending in A. morio is completed in ca. 30 s (Johnson & Nilsson 1999 ), but simulations with dead bees positioned in flowers have shown that pollinia reach a position where they may contact the stigma 18-20 s after removal from a flower (S. D. Johnson, C. I. Peter and J. Xgren, unpublished data). To determine whether pollinarium bending delays the onset of geitonogamy, we compared the frequency of visits resulting in geitonogamous self-pollination among visits lasting more and less than 18 s.
(d ) Pollen carryover
Our experimental design is based on the assumption that removal and transfer of labelled pollen reflects that of unstained pollen. Moreover, interpretation of the results depends on whether pollen removal and carryover are similar in nectarenriched and control inflorescences. To determine whether the experimental addition of nectar or the labelling of pollen with histochemical stains affects pollen carryover in A. morio, we allowed bumble-bees with a pair of freshly affixed pollinaria to visit virgin emasculated inflorescences and counted the number of pollen massulae deposited on each flower in the sequence. The experiments were conducted in the greenhouse at the Ecological Field Station with B. lapidarius queens.
After removing two pollinaria from a single flower, bees were left for a few minutes to allow the pollinaria time to undergo their characteristic bending movement. To establish the effect of nectar production on pollen carryover, we allowed the bumble-bees to visit either a sequence of emasculated control flowers or a sequence of emasculated flowers that had had 2 µl of 25% sucrose solution injected into the tip of the spur (the same volume and concentration as we used in the field experiments). To determine the effects of pollen staining on carryover, bumblebees carrying two freshly affixed stained pollinaria were allowed to visit a sequence of virgin emasculated non-enriched flowers using the same procedure. For these runs, we injected 1-2 µl of histochemical stain into the anther of a flower, and after 30 min (to allow the pollinia to dry) we presented the flower to a bumble-bee. Bees always removed both pollinaria from these stained flowers on their first visit, regardless of the type of stain that had been applied to the anther. We repeated these experiments for each of the four stains at the same concentrations as we used in the field experiments (i.e. fast green, gentian violet, neutral red, rhodamine B).
After each visitation sequence in the carryover experiments described above, individual visited flowers were removed, numbered and examined under a dissecting microscope to allow deposited massulae to be counted. We carried out between three and six runs, each consisting of visits to a sequence of 10 flowers, for each treatment. Individual bees were used for only one run within a treatment, but reused in a random sequence for runs in different treatments, in which case previous pollinaria were removed from the bees with forceps at the commencement of a new run. For each treatment, we fitted a simple linear regression and an exponential decay function to the observed relationship between the mean number of massulae deposited and the position of the flower in the visitation sequence. In the exponentialdecay model, y = ab x , b is the carryover fraction, and (1 Ϫ b) is thus the fraction of donor pollen removed from the pollinator and deposited on the stigma at each visit, assuming no pollen losses in transit and a constant carryover fraction (cf. Morris et al. 1994) . We used ANCOVA to examine whether the slope of this relationship was affected by nectar supplementation and whether it varied among staining treatments (analysis based on the linearized function lny = lna ϩ xlnb).
The mean numbers of pollen massulae deposited on a sequence of flowers from a pair of pollinaria fitted an exponential-decay model better than they did a linear model (unmanipulated control inflorescences: exponential R 2 = 0.74; linear R 2 = 0.63). The slope of the fitted curve (exponentialdecay model) did not differ among treatments (interaction in ANCOVA: F 5,48 = 0.5, p = 0.79). This suggests that nectar addition does not markedly affect pollen carryover, and that the carryover properties of stained and unstained pollen are Proc. R. Soc. Lond. B (2004) approximately the same. According to the fitted curves, between 22% and 34% of the pollen load is deposited on each sequential flower in A. morio (figure 1).
RESULTS
(a) Effects of nectar on pollinator behaviour and pollen fate: presentation experiment Addition of nectar to floral spurs of A. morio affected pollinator behaviour considerably. The number of flowers probed by bumble-bees was 2.3 times higher, the time spent on an inflorescence was 5.3 times longer and the time spent probing individual flowers was 2.2 times longer on nectar-enriched than on control inflorescences ( figure  2a-c) . When on nectar-enriched inflorescences, bumblebees removed a significantly higher proportion of pollinaria from flowers that were probed then they did on control inflorescences (figure 2d ).
In the presentation experiment, nectar addition affected both pollen removal and the rate of self-pollination. Bumble-bees removed 3.8 times more pollinaria from nectarenriched than from control inflorescences (figure 2e). Approximately 4% of the pollen removed from nectar- enriched inflorescences was deposited on self-stigmas, while no self-pollination was observed in control inflorescences (figure 2f ). These differences were statistically significant (two-sample t-tests: p Ͻ 0.01).
(b) Effects of nectar on pollen fate: translocation experiment In the translocation experiment, the effects of nectar addition tended to be weaker and the variances higher than in the presentation experiment. Bumble-bees removed approximately 1.7 times more pollinaria, and the proportion of pollen deposited on self-stigmas was almost twice as high for nectar-enriched than for control inflorescences (figure 2e, f ), but these differences were not statistically significant (two-sample t-tests: p Ͼ 0.05).
In combined analyses (two-way ANOVA with experimental procedure and nectar addition as fixed factors), nectar addition had a significant overall effect on pollinaria removal (F 1,88 = 8.04, p = 0.006) and on the proportion of removed pollen deposited on self-stigmas (F 1,43 = 6.49, p = 0.014). Experimental procedure (presentation versus translocation) had a significant overall effect on pollinaria removal (F 1,88 = 6.16, p = 0.015), but not on the rate of self-pollination (F 1,43 = 0.07, p = 0.79). The interactions of experimental procedure and nectar addition were not significant for either pollinaria removal (F 1,88 = 0.08, p = 0.77) or rate of self-pollination (F 1,43 = 1.92, p = 0.17), indicating that the effects of nectar addition on these response variables were similar in both experiments (see figure 2e, f ).
(c) Pollinarium bending and self-pollination
The probability of geitonogamy was related to the time spent on the inflorescence, as predicted by the pollinarium bending time. The proportion of visits to inflorescences that resulted in self-deposition was markedly lower among the 37 visits that were shorter than 18 s (5.4%) than Proc. R. Soc. Lond. B (2004) among the 11 visits longer than 18 s (63.6%; 2 = 10.6, p = 0.001; figure 3b ). The near absence of geitonogamy for those visits shorter than 18 s is remarkable given that in most of these the pollinator probed several flowers on a plant (figure 3a).
(d ) Pollen transfer efficiency
In the study population, 0.75 ± 0.91 pollinaria were removed per flower (mean ± s.d.) and the mean stigmatic pollen load was 7.5 ± 18.1 massulae (n = 117). Given that each pollinium contains 123.1 massulae (see § 2a), the overall percentage of removed pollen that is deposited on stigmas, the 'pollen transfer efficiency', is 8.1%.
DISCUSSION
The results of this study support the hypothesis that deception in orchids reduces geitonogamous self-pollination (cf. Dafni & Ivri 1979; Dressler 1981; Johnson & Nilsson 1999; Johnson 2000) . They also confirm Darwin's original prediction that the gradual bending of pollinaria after withdrawal from an orchid flower is a mechanism that reduces the occurrence of intra-floral and geitonogamous self-pollination (figure 3). In A. morio, lack of nectar and pollinarium bending together ensure that selfdepositions occur rarely (figure 2f ), and the mating system is thus likely to be characterized by high levels of outcrossing.
Our data do not support the pollinaria-removal hypothesis for the evolution of deception proposed by Smithson & Gigord (2001) . Addition of nectar to spurs of A. morio resulted in significant increases in both the total number of pollinaria removed from inflorescences and the rate of removal of pollinaria from individual probed flowers ( figure 2d,e) . The pollinaria-removal hypothesis was also not supported by previous studies of A. morio, which showed either a significant increase in pollinaria removal with nectar addition in one of two populations (Johnson & Nilsson 1999) or non-significant effects on overall pollinaria removal from inflorescences (Smithson 2002) . The presentation and translocation experiments used in this study yielded similar results for overall pollen fate (figure 2e, f ). The main difference between the two experiments was that the presentations involved a single visit to each inflorescence and thus simulated high levels of nectar replenishment in nectar-producing plants, while the translocations allowed multiple visits to inflorescences without replenishment of nectar. If nectar replenishment in visited flowers is slow or does not occur at all, then pollinators would regularly encounter empty flowers on nectar-producing mutants and the evolution of nectar production would be expected to have a less marked influence on pollen fates. The non-significant interaction between nectar addition and experiment type in the two-way ANOVA suggests that nectar replenishment rate either has no effect on pollen fates or has an effect that would be detectable only with a larger sample size. Additional experiments are required to examine fully the effect of nectar-production schedules on pollinator behaviour and pollen transfer.
Although the pollen deposited on self-stigmas of nectarsupplemented plants made up a small percentage (3.2%)
Proc. R. Soc. Lond. B (2004) of the pollen removed from flowers, it is nevertheless significant in relation to the 8.1% of removed pollen that reaches stigmas in this population. In the absence of pollen discounting, self-depositions would comprise 28.3% of the removed pollen deposited. However, a more realistic scenario is that geitonogamous self-pollination is discounted completely against the exportable fraction of pollen (cf. Lloyd 1992; Barrett & Harder 1996) . The exponential decline in the amounts of pollen deposited on consecutive stigmas (figure 1) illustrates how pollen deposited on flowers of the same plant might compromise pollen export. Based on pooled data from the two field experiments, we calculate that self-pollination in nectarproducing mutants could involve as much as 39.5% of the removed pollen that is deposited on stigmas (equation (2.2)). By contrast, self-pollination in deceptive plants would involve just 8.6% of the removed pollen deposited (equation (2.2)).
A mutation for nectar production in A. morio would result in substantially increased levels of pollinaria removal from inflorescences (figure 2d; Johnson & Nilsson 1999) . However, the efficiency of pollen export in these mutants is likely to be diminished as a consequence of greater levels of geitonogamy (figure 2f ). The male fitness outcome would depend heavily on the visitation rate by pollinators. This can be illustrated by considering two scenarios for typical plants with eight flowers, the first in which pollinators are limiting and each plant is visited just once, and the second in which pollinators are abundant and remove all of the pollinaria from plants. In the first scenario, bees would remove 2.3 pollinaria from nectar-producing plants and 0.6 pollinaria from deceptive plants, as was observed in our presentation experiment (figure 2d ). Assuming complete pollen discounting, i.e. a constant overall pollendeposition fraction, 13.9 massulae would be exported by rewarding plants versus 5.6 massulae by deceptive plants (equation (2.3) ). In the second scenario, 96.4 massulae would be exported by rewarding plants versus 149.2 massulae by deceptive plants (equation (2.3) ). Thus overall male fitness is likely to be lower in deceptive than in rewarding plants when pollinators are scarce, but higher when pollinators are abundant.
The effects of nectar on female reproductive success were harder to gauge in this study because the majority of bees that we used in the presentation experiments did not arrive with pollinaria and thus seldom cross-pollinated the experimental flowers. Our carryover data, however, indicate that, while nectar would not have a significant effect on pollen deposition per flower probed by bees already carrying pollinaria (figure 1), the greater number of flowers probed (figure 2a) would translate into greater overall pollination success. Earlier experiments detected a significant increase in pollen receipt for nectar-supplemented plants in an A. morio population with low rates of visitation by pollinators ( Johnson & Nilsson 1999) . When pollinators are scarce, nectar production would be expected to lead to higher levels of fruit set with some of the fruits arising from geitonogamous self-pollination. When pollinators are common enough for most flowers to set fruit, selection through the female component of fitness will favour deception if the resultant increase in outcrossing leads to higher fruit quality. There is strong inbreeding depression for fruit quality in A. morio. Embryos of A. morio arising from self-fertilization are twice as likely to abort in the early stages of development as are embryos arising from cross-fertilization (S. D. Johnson and J. Å gren, unpublished data) . Genetic load would be expected to accumulate in deceptive species owing to the rarity of pollinator-mediated self-pollination, although quantitative data to evaluate this hypothesis are still rare (Ferdy et al. 2001; Wallace 2003) . In addition, the high costs of fruit production (cf. Ackerman & Montalvo 1990) might offset some of the advantages of increased fruit production in nectar-producing mutants when pollinators are scarce.
A combination of reduced outcrossing opportunities and high levels of inbreeding depression in nectar-producing mutants may explain the evolutionary maintenance of deception in a species such as A. morio that is relatively well visited, with 20-50% of flowers having either pollen deposited or pollinaria removed in most populations at our study site ( Johnson et al. 2003) . It is more difficult to understand how selection could maintain deception in the many orchids that consistently have fewer than 10% of their flowers visited by pollinators (cf. Gill 1989; Neiland & Wilcock 1998) . Further studies of the relationships between reward production, pollen-transfer dynamics and inbreeding depression are clearly needed for a more complete understanding of the evolution of floral deception in these species.
